A new species, Thaumatocypris rudjakovi, from near Madagascar is described and illustrated. The specimens studied previously had been referred to T. echinata Müller, 1906 by Rudjakov (1993 . The description includes the analysis of appendage muscles. The species T. echinata is discussed, and a key is presented to genera of the Thaumatocyprididae.
about 2000 m (Poulsen, 1969: 7; Kornicker and Sohn, 1976b: 34) ; and T. rudjakovi n. sp. herein, from west of Madagascar at depths of 180-1220 m (location from Rudjakov, 1993: 305) .
Thaumatocypris echinata Müller, 1906 Thaumatocypris echinata Müller, 1906: 42, pl. 6: figs. 1-18; 1912: 54 [listed] . -Skogsberg 1920 : 29, 30, 118-120: fig. XVIII, 119, 125.-Poulsen, 1969 : 7, figs. 1, 2.-Kornicker and Sohn, 1976a : 57, 58.-1976b : 34.-Danielopol, 1976 Holotype.-Not designated.
Syntypes.-Six specimens (present location of specimens unknown).
Type Locality.-''Valdivia'' station 190 V, 08589S, 998439E, southwest of Sumatra, depth 1100 m.
Additional Locality.-' 'Dana'' station 3680-II, 27 March 1929, Indonesian area, 28229S, 1268589E, trawl (open stramin-net) wire length 150-4000 m, approximate fishing depth calculated from wire length 2000 m (see Poulsen, 1962: 7) ; one female (Poulsen, 1969: 12) .
Material.-None.
Comparison of Specimens Described by Müller (1906) and Poulsen (1969) . -Müller (1906: pl. VI) , in his description of the single plate illustrating the species, stated that, except for fig. 4 , all illustrations (figs. 1-3, 5-10) in plate VI are from the same individual, which he considered an A-1 female (translated from German as ''obviously before the last molt''). He identified the carapace shown in fig. 4 as an earlier instar. Poulsen (1969: 8) identified the specimen he studied as a female with ''large, but not fully developed, eggs in the ovary.'' Shell: The illustrated carapace by Müller (1906: pl. VI: fig. 1 ) of the A-1 female bears a rounded posterodorsal process on the right valve, whereas the carapace (pl. VI: fig. 4 ) of the earlier instar bears a posterodorsal process with three terminal teeth on the right valve. The carapace of the female illustrated by Poulsen (1969: fig. 1a ) bears a process with three terminal teeth located at midheight on the dorsal margin of the right valve.
The central adductor muscle attachments on the left valve shown in Müller's illustration (pl. VI: fig. 1 ) of the A-1 female consist of four individual attachments (one large anterior, three small posterior), but he stated (1906: 43) that the closing muscle attachments were unclear. Kornicker and Sohn (1976b: 35, fig. 15 ) reexamined the specimen described by Poulsen (1969: 8) and, although only two adjacent muscles were attached to the left valve, their position suggested that the central adductor attachment muscles formed a radial group. Poulsen (1969: 8) mentioned that the ventral margin of the left valve of the specimen he studied has ''a group of 6-8 circular or slightly pear-shaped formations, possibly a group of glands,'' whereas ''Müller's diagnosis of the genus states that the shell is 'without glands, at least without obvious groups of glands'.' ' Müller (1906: 43) gave the length of a female without processes as 1.55 mm, and length with processes as 2 mm. Poulsen (1969: 8) gave the length of a female with large, but not fully developed, eggs in the ovaries as 1.4 mm (presumably, the length given excludes processes).
First Antenna: Poulsen (1969: 8) described the fourth article as having three ventral bristles (two long, one short), ''one smaller bristle than shown in Müller's figure.'' The illustration of the first antenna by Müller (1906: pl. VII: fig. 10 ) actually shows three long ventral bristles on the fourth article. (The fourth article of Poulsen is interpreted herein to be the fifth article.) Comparison of illustrations of the first antennae by Müller (pl. VII: fig. 10 ) and Poulsen (1969: fig. 1b) shows that the dorsal bristle of the first article is much longer on Poulsen's specimen, and the ventral bristle of the second article, as well as the ventral bristle of the third (my fourth) article, are longer on Müller's specimen. The limb is described by Poulsen (1969: 8) as having ventrally on the fifth article (my sixth) ''a long, bare, unringed, weak bristle (sensory bristle),'' and it is shown on the illustration of the limb (Poulsen, 1969: fig. 1b ). It is not shown on the specimen illustrated by Müller (1906: pl. 6: fig. 10 ). Kornicker and Sohn (1976b: 34) , on reexamining Poulsen's specimen, observed a transparent bristle on only one of the limbs.
Second Antenna: Exopod: the first article of Poulsen's specimen has a weak distal suture dividing the article into two parts (Poulsen, 1969: fig. 1c ). The suture is not shown in the first article of the specimen illustrated by Müller (1906: pl. VII: fig. 9 ).
Mandible: Endopod: the second article of Müller's illustrated specimen bears three ventral and three dorsal bristles (Müller, 1906: pl. VII: fig. 8 ) compared to four ventral and two dorsal on Poulsen's illustrated specimen (Poulsen, 1969: fig. 1d ), but Kornicker and Sohn (1976b: 35) , on reexamining Poulsen's specimens, reported three or four ventral and two or three dorsal bristles. The end (third) article of Müller's illustrated specimen bears six short bristles compared to seven on Poulsen's specimen, but Kornicker and Sohn (1976b: 35) , on reexamining Poulsen's specimen, reported only six bristles.
Maxilla: Basis: The specimen illustrated by Müller (1906: pl. II: fig. 6 ) bears a dorsal bristle on the coxa, compared to none on Poulsen's specimen (1969: 11, fig. 1e ); however, Kornicker and Sohn (1976b: 35) , on reexamining Poulsen's specimen, described it as having zero or one dorsal bristle on the basis [coxa] . Endopod: the first article of Müller's illustrated specimen (Müller, 1906: pl. VII; fig. 6 ) bears five dorsal bristles compared to four on Poulsen's specimen (1969: fig.1e ), but Kornicker and Sohn (1976b: 35) , on reexamining Poulsen's specimen, observed four bristles on one limb and five on the other.
Bellonci Organ: Poulsen (1969: 12, fig. 1j ) described it (frontal organ) as being a ''short cone.' ' Müller (1906: 42) neither mentioned nor illustrated a Bellonci Organ in his description of the species. Kornicker and Sohn (1976b: 35) , on reexamining Poulsen's specimen, could not identify it with certainty and reported it as either absent or represented by short cone.
Remarks.-The differences in the lengths of some of the bristles of the first antenna on Müller's and Poulsen's specimens, assuming that the lengths are accurately portrayed on the illustrations, suggests that their specimens may not be conspecific, but further work is needed to determine the intraspecific variability of bristle lengths.
The presence of a rounded posterodorsal process on the older specimen compared to a process with three terminal teeth on the younger of Müller's illustrated specimens suggests that the morphology of the process changes with age of specimen, but it is possible that the tip had broken off the process of the older specimen. Determination of the significance of the different locations of the posterior process (posterodorsal on Müller's specimens; at midheight of the posterior margin of Poulsen's specimen) requires study of additional specimens.
At present, both Müller's and Poulsen's specimens should be considered conspecific. Rudjakov, 1993: 305) .
Collecting Methods.-Open and closing plankton net (Rudjakov, 1993: 305) .
Distribution.-Off west coast of Madagascar, 180-1220 m.
Discussion. -Rudjakov (1993: 305) referred specimens collected off the west coast of Madagascar to Thaumatocypris echinata Mül-ler. At the request of Dr. Rudjakov, I reviewed that manuscript prior to its publication and concurred with the referral. Differences between the Madagascan specimens and those described previously by Müller (1906: 41) from southwest of Sumatra, Indian Ocean, were tentatively attributed mainly to either sexual divergence or intraspecific variability (Rudjakov, 1993: 313) , and he stated (p. 313) that ''the final species identification will become possible after finding and investigation of Thaumatocypris females from the Madagascar area.'' Since the 1993 publication of Rudjakov, numerous species in the family Thaumatocyprididae have been described (see Kornicker et al., 2002) enabling a better grasp of both the sexual dimorphism and intraspecific variability of species in the family. Based on a restudy of the two adult males that Rudjakov deposited at the USNM, I have concluded that the specimens represent a new species of Thaumatocypris. It is only the second species referred to the genus, and the collection contains the only known adult males of the genus. Although the description of the male by Rudjakov (1993: 305) is perfectly adequate, because of the importance of the species, especially the adult male, in understanding the relationship of the genus with others referred to the family, which is long ranging (Permian to present), I believe it of value to present a supplementary description of the species including the internal musculature.
Except for a few differences in observations and interpretations, the present description supports that of Rudjakov (1993: 305) . (Figs.  1-8 ).-Carapace oval in lateral view, with long anterior and anteroventral processes (tips broken off both specimens in collection; healed tips of some processes suggest that some breaks occurred when specimens were alive) (Fig.  1A) . Both processes lateral to valve edge, and anteroventral process set well back from edge. Right valve with small indistinct node at posterodorsal corner. Ornamentation: Surface microstructures not visible on preserved specimens. Bristles, both single and branching (Fig. 1C, D) , present along valve margins and sparsely distributed on valve surface; branching bristles form row just within valve margins (Fig. 1C) . Selvage: A broad lamellar prolongation with smooth outer edge extends past valve margins (dashed in Fig. 1C ).
Supplemental Description of Adult Male
Central Adductor Muscle Attachments: Somewhat obscured on both specimens, but radial and with about 10 segments ( Fig. 1B) (also see Rudjakov, 1993: fig. 1b Remarks: Rudjakov (1993: 305, 307 ) gave lengths of 1.16 mm for the holotype, USNM 194110, and 1.20 mm for the paratype, USNM 194116, and the ranges of dimensions of both specimens as length 1.16-1.20 mm, and height as 0.90-1.05 mm (without processes). Presumably, these dimensions are based on specimens prior to dissection.
First Antenna ( Fig. 2 ): All articles distinct. Article 1 with or without few lateral spines at distal ventral corner, and with 2 long bristles (1 dorsal, 1 lateral), both with short marginal spines. Article 2 with long dorsal, ventral, medial, and lateral spines ( Fig. 2A ), and short distal medial spines (Fig. 2C) , and 2 long bristles with indistinct short marginal spines (1 dorsal at midlength, 1 ventral terminal). Article 3 with long dorsal and ventral spines and long spines forming distal medial row near ventral margin; sclerotized integument along dorsal margin much broader than along margins of other articles. Article 4 with long ventral spines and 2 terminal ventral bristles (1 long, 1 short, both with short marginal spines). Article 5 with long, distal, ventral spines forming row extending onto medial surface, 2 long bristles (both filament-like distally) on small lobe at distal ventral corner, and 1 long, terminal, medial bristle (filament-like distally, and with short, proximal, dorsal, marginal spines) with base dorsal to the small lobe; ventral bristle on lobe broader than dorsal bristle and with 4 or 5 distal, minute, sclerotized hooks along ventral edge; dorsal bristle on lobe with short indistinct proximal marginal spines along dorsal edge; dorsal edge of lobe positioned medial to proximal part of ventral edge of sixth article. Article 6 with long dorsal spines. Article 7 with short a-bristle with short marginal spines and long b-and c-bristles (both filament-like distally, and with minute, proximal, marginal spines). Article 8 with 2 long bristles, both filament-like distally; lateral of these with better defined proximal annular rings and with marginal spines along ringed part; medial of these with few proximal marginal spines (the lateral bristle is tentatively designated the e-bristle, and the medial bristle the f-bristle, based on the fbristle being medial on species of Danielopolina (see Kornicker and Iliffe, 1992: 5) ).
Second Antenna (Fig. 3 ): Protopod with long lateral hairs at proximal ventral corner (Fig.  3A) . Endopod (Fig. 3D , F, G): Article 1 with lateral spines and 3 bristles (1 ventral bristle, two dorsal a-and b-bristles). Article 2 with 1 distal spinous dorsal bristle and 4 long terminal bristles (ventral of these spinous). Exopod (Fig. 3B, C): first article divided into 2 parts: long proximal part with terminal spines; short distal part bare. Articles 2-8 with spines and long lateral bristle with distal long hairs. Article 9 with 2 bristles: 1 long bristle with long distal hairs, and shorter bristle (tip broken off and hairs not observed on remaining part). Exopod bristles of articles 2-8 with bases on medial side of articles.
Remarks: The second endopod article is tentatively interpreted to consist of two fused articles with a spinous dorsal c-bristle and a spinous terminal g-bristle on second article, and filamentous h-, i-, and j-bristles on third article (Fig. 3D ). The interpretation is based on similarities with the endopod of the second antenna of the female Spelaeoecia capax Kornicker, 1990 in Kornicker et al., 1990 (see Kornicker and Iliffe, 1998 ).
Mandible (Figs. 4, 5) : Coxa endite with proximal and distal sets of teeth separated by gap containing bifurcate tooth and 2 spinous bristles (lateral bristle broad, medial bristle narrow) (Fig. 4C) ; proximal set of teeth comprising 4 broad cusps; surface spines present between cusps; numerous spines form lateral row just proximal to cusps; spines present on posterior edge of endite in vicinity of posterior cusp. Distal set of teeth comprising 2 flat teeth; anterior tooth with 5 cusps; posterior tooth with 7 cusps and narrow spinous lateral bristle. Basis ( spines, 2 dorsal bristles (1 at midlength, 1 subterminal) and 4 ventral bristles (3 near midlength, 1 subterminal); article 3 with dorsal and medial spines and 7 bristles (1 extremely long, with about 13 long spines at midlength and short spines distally; 1 shorter with stout spines at midlength and short spines distally, 1 about same length as latter bristle (with short spines), and 4 short, either bare or with short spines).
Maxilla ( Fig. 6A ): Precoxa: endite I with 9 bristles (3 tubular, 1 proximal to distal end, 8 terminal). Coxa: endite II with 8 bristles (5 tubular; 2 proximal to distal end, 6 terminal); endite III with 6 terminal bristles (2 tubular); dorsal margin with stout plumose bristle. Basis with ventral, tubular, terminal bristle and long, spinous, lateral bristle near ventral margin (latter bristle could be proximal on endite III). Endopod: article 1 with long, dorsal, ventral, medial, and lateral spines; dorsal margin with 5 bare bristles; ventral margin with 1 short, distal, tubular bristle; posterior distal corner with 2 long, spinous, medial bristles. Article 2 with spines, 1 stout terminal claw; 2 lateral bristles just proximal to base of claw (ventral of these stouter, with indistinct minute spines and sclerotized recurved tip), 1 long stout bristle with stout proximal spines and short slender distal spines, and 2 short tubular bristles.
Fifth Limb (Fig. 6B ): Epipod with 3 groups of plumose bristles; proximal and middle groups with 5 bristles; distal group with 4 bristles. Protopod with medial spines, 2 plumose medial bristles just ventral to midheight, 4 proximal bristles on or near ventral margin (3 plumose, 1 short tubular) followed by 2 endites; proximal endite with 6 bristles (2 long plumose, 2 or 3 tubular); distal endite with 6 bristles (2 claw-like on ventral edge, 1 small curved claw-like medial near ventral edge, 1 short spinous on ventral edge, 2 long plumose lateral and proximal to ventral edge). Basis: ventral margin with indentation at midlength and article broader in proximal half; proximal half with ventral and medial spines and 5 bristles (4 on or near ventral margin, 1 long plumose and closer to midheight); distal half with 4 bristles on or near ventral margin. Exopod represented by long bare bristle reaching well past distal article of endopod. Endopod: article 1 with ventral and medial spines, 2 ventral bristles near midlength, and minute indistinct dorsal process just distal to midlength. Article 2 with 2 long ringed terminal bristles and 1 shorter spinous ventral bristle.
Sixth Limb (Fig. 7A, B) : Epipod with plumose bristles forming 3 groups: proximal group with 6 bristles (Fig. 7B) ; middle group with 4 bristles; distal group with 5 bristles. Precoxa and coxa separated by thin suture; each article with 2 plumose bristles. Basis with 2 bristles (1 ventral, 1 medial at midheight). Exopod: lobe with 1 long terminal bristle and 1 small terminal spine ventral to base of bristle. Endopod with 3 articles; article 1 short with 2 bristles (1 ventral, 1 medial at midheight); article 2 elongate with 3 bristles (1 dorsal, 2 ventral); article 3 with 3 bristles (2 long, 1 shorter and ventral to others).
Seventh Limb (Fig. 7C, D ): Elongate, with 2 spinous terminal bristles.
Furca ( Fig. 8A) : Anterior, lateral, and medial surfaces with spines. Each lamella with 2 anterior ringed claws with anterior spines; each claw separated from lamella by suture. Ventral margin with 6 triangular teeth with marginal spines followed by smaller triangular bare tooth (latter tooth not present on right lamella of holotype). Sclerotized unpaired tooth posterior to furca. Both lamellae attached to each other only at proximal end. Proximal edge of furca not bounded by distinct suture.
Bellonci Organ: Not observed on slides containing mounted appendages.
Lips (Fig. 8B, D Posterior of Body ( Fig. 8A ): Segmented. Copulatory Limb (Fig. 8C, E ): Anterior process with slender, sclerotized, tapered tooth proximal to curved thumb-like terminal process. Tip of posterior process indistinct, with terminal spine adjacent to several hairs.
Comparisons.-Rudjakov (1993: table 1) compared the number of bristles on appendages of female specimens of T. echinata described by Müller (1906: 42) and Poulsen (1969: 8) with the male he described from Madagascar, which is referred to T. rudjakovi herein.
A main difference between T. echinata and T. rudjakovi occurs in the first article of the first antenna. The former species bears only one bristle and the latter two. Another difference in the limb is that the seventh article of the former species bears one ventral bristle compared to two on the latter. The third and fourth articles are separated by a suture on T. rudjakovi (male) and not on T. rudjakovi (female), but this is probably due to sexual dimorphism.
The fifth article of the first antenna of T. rudjakovi bears a small, terminal, ventral lobe bearing two of the three terminal ventral bristles. Possibly, this was overlooked in the descriptions of T. echinata, or are not present on either juveniles or females; but it would be an important difference if not overlooked, or if absent on male T. echinata. The outer bristle on the lobe of T. rudjakovi (male) bears four or five distal minute hooks, not mentioned in descriptions of T. echinata (female), but this could be a male character, assuming that they were not overlooked in descriptions of the latter species. The location of the lobe and bristles on the fifth article suggests that it may have a sensory function, because many Myodocopina bear a sensory bristle on the fifth article.
APPENDAGE MUSCLES
Terminology.-Extrinsic muscle: Muscles within appendages that originate outside of the appendage (based on Boxshall, 1998: 156) . Intrinsic muscle: Muscles located entirely within an appendage (based on Boxshall, 1998: 156) . Extensor muscle: ''Muscle that straightens a joint'' (Pennak, 1964: 191) (promotor muscle of Mahoon, 1965: 55) . Flexor muscle: ''Muscle that bends one part of a body on another'' (Pennak, 1964: 200) (remotor muscle of Mahoon, 1965: 55). Protractor muscle: ''Any muscle that protracts or extrudes a structure'' (Pennak, 1964: 424) . Retractor muscle: ''Any muscle that retracts or withdraws a structure or part of the body'' (Pennak, 1964: 445) . Tendon: ''Cord or band of fibrous connective tissue which attaches muscles to bone [not bone herein]'' (Pennak, 1964: 512) (Boxshall (1998: 155) referred to ''tendinous attachment points'').
Discussion of Extrinsic Muscles. -Boxshall (1998: 155) observed that, although not absolute, the terminal insertions of extrinsic muscles in many copepod limbs are located proximal to the suture separating the coxa and basis, and that the terminal insertions of extrinsic muscles also identify the coxa-basis plane of the maxilla (Boxshall, 1998: 156, figs. 13.1, 2b) and fifth limb (p. 165, fig. 13 .6a) of the myodocopid ostracode Azygocypridina imperialis, and the fifth and sixth limbs of the halocyprid ostracode Spelaeoecia bermudensis Angel and Iliffe, 1987 (Boxshall, 1998: 165, figs. 13.6b,c) .
The appendages of T. rudjakovi on the available slides are separated from the body, and some muscles may have been pulled out of the appendage, so it is not always clear whether or not muscles within the limb that terminate at its proximal edge may be broken. Some muscles that overlap were difficult to trace on some appendages, and their indicated locations on figures may be inexact. In deriving the following descriptions of the muscles, I have found it useful to refer to the descriptions of halocyprid appendage muscles by Tseng (1975: 68) and Skogsberg (1920: 579) .
Description of Extrinsic Muscles.-First Antenna (Fig 2A, B, D) : Three extrinsic muscles enter the proximal end of the limb: one extensor muscle extends to a point just within the dorsal margin of article 1 and terminates at the dorsal end of the proximal suture of article 2; two flexor muscles extend to a point just within the ventral margin of article 1 and terminate at the ventral end of article 2. Skogsberg (1920: 579) observed three extrinsic muscles in the male first antenna of Euconchoecia chierchiae: a dorsal extensor and a ventral flexor muscle inserted in or near the proximal boundary of the second article, and the other (flexor) proximally on the third article. None of the two flexor muscles of T. rudjakovi appear to reach the third article, but it is possible one of them does, because some muscles are obscure.
Second Antenna (Fig. 3A , B, E, F): Extrinsic muscles on the illustrated limb terminate on, or proximal to, an internal narrow sclerite in the posterior one-third of endopod. The sclerite may be a boundary between the coxa and basis. The locations of the muscles on both E. elongata and T. rudjakovi suggest that they are retractor muscles and, also, probably are capable of tilting the protopod.
Mandible (Figs. 4A , B, D; 5): Except for two or three muscles terminating at the dorsal proximal corner of the basis, extrinsic muscles terminate within the coxa and are retractor muscles. The numerous muscles present testify to the importance of the coxa in feeding. An extrinsic muscle (not shown) connects the dorsal tip of the coxa with a valve at a location just ventral to the adductor muscle attachments. The muscles in the well-defined coxa clearly demonstrate that most extrinsic muscles do not penetrate the coxa-basis articulation.
Maxilla (Fig. 6A) : When mounted on a slide, the lateral and medial sutures separating the precoxa, coxa, and basis are usually not in alignment, so that it is difficult to exactly identify the article containing the terminal point of a muscle. Two extrinsic bristles near the dorsal margin appear to terminate at the proximal dorsal corner of the basis, just within the basis. One extrinsic bristle at midheight terminates within the precoxa, at its distal edge. Two stout extrinsic bristles ventral to midheight terminate within the precoxa dorsal to endite I. One extrinsic bristle near the ventral edge of the proximal end of the limb terminates within the precoxa just dorsal to endite II. Boxshall (1998: 156: figs. 13.1, 13 .2), identified the suture separating the coxa and basis on the basis of many extrinsic muscles terminating at the suture in the maxilla of the Myodocopina Azygocypridina imperialis. He identified the third endite as part of the basis, rather than part of the coxa. The terminating points of extrinsic muscles in T. rudjakovi are less clear, but I interpret the third endite to be part of the coxa, which bears a bifurcated endite (endites II and III).
Fifth Limb (Fig. 6B ): Proximal end of limb somewhat obscured, five muscles were interpreted to be extrinsic remotor muscles. Four terminate in the precoxa and one terminates at the precoxa-coxa boundary. Boxshall (1998: 163) , based on the musculature of the fifth and sixth limbs of Spelaeoecia bermudensis, stated ''The coxa-basis plane is identifiable, although not strongly expressed, in both limbs and facilitates comparison.'' Consideration of the terminations of the extrinsic muscles of the fifth limbs of T. rudjakovi, and also S. bermudensis (based on the illustration of Boxshall (1998: fig.  13.6b) ), the muscles do not seem to be useful in identifying the coxa-basis articulation.
Sixth Limb (Fig. 7A, B ): The protopod of T. rudjakovi has a precoxa with two articles, a coxa with one article, and a basis with one article. The proximal precoxa article bears the epipod. One extrinsic muscle terminates at the suture separating the precoxa and coxa. Other extrinsic muscles terminate within the precoxa. All are tentatively identified as remotor muscles. None appear to reach the coxa-basis articulation and, therefore, do not help to identify it. Seventh Limb (Fig. 7C, D) : Although the limb is not divided into two articles by a suture, indentations near the tip and thinning of the integument at that place suggest that the limb might have two incipient articles. At least two extrinsic muscles terminate in the tip, and one or two seem to terminate just proximal to the tip. They are tentatively identified as remotor and promotor muscles.
Furca (Fig. 8A) : The furca is composed of two lamellae attached to each other only at their proximal ends. Numerous extrinsic promotor muscles that lie just within the posterior surface of the body terminate at the proximal ventral corner of the furca. Additional extrinsic remotor muscles attach to each lamella near the anterior margin at, or proximal to, midlength.
Remarks: The muscles attached to the proximal ventral corner of the furca could move the furca anticlockwise; whereas, those attached near the anterior of each lamella could move each lamella clockwise. The presence of muscles in each lamella indicates that they can be moved independently of each other.
Discussion of Intrinsic Muscles.-''Study of the musculature of an appendage can help to determine segmental identity because the arrangement of muscle origins, insertions and intermediate, tendinous insertion points typically reflects the ancestral pattern of articulations between segments.'' (Boxshall, 1998: 155) .
Description of Intrinsic Muscles: First Antenna ( Fig. 2A , B, D): As discussed above, extensor and flexor extrinsic muscles terminate at the suture between the first and second articles. In addition, a slender extensor muscle near the dorsal margin of the first article extends from the proximal to distal sutures; this muscle bears a terminal tendon about one-half the length of the article. Two muscles having the proximal end at the proximal suture of article 1 appear to terminate at the suture between articles 2 and 3 near midheight, but indistinct terminal tendons terminate at the suture between the third and fourth articles. Two extensor muscles with proximal ends near the dorsal margin of article 2 and close to the suture between articles 1 and 2 appear to terminate at the suture between articles 2 and 3, but indistinct terminal tendons terminate at the suture between articles 3 and 4. One flexor muscle with the proximal end on the suture between articles 2 and 3, near the ventral margin of article 3, terminates at the suture between articles 6 and 7. One extensor muscle with the proximal end on the suture between 3 and 4, near the dorsal margin of article 4, terminates at the distal end of article 8. One muscle with its proximal end at midlength of article 4 terminates at the suture between articles 6 and 7.
Remarks: The major bending point of the first antenna takes place between segments 1 and 2, and the amount of bending or straightening is mainly controlled by extrinsic muscles. The limb is sometimes straight and at other times articles 1 and 2 form close to a right angle (Fig. 2A) . The distal half of the dorsal margin, and the complete ventral margin of article 1 is without a sclerotized integument; this probably facilitates bending at that location. Because no muscles terminate at the suture between articles 4 and 5, articles 3 and 4 must act as a unit. Activity of the two flexor muscles that terminate at the suture between articles 6 and 7 probably causes articles 6 to 8 to bend. The extensor muscle terminating at the tip of article 8 may act to straighten articles 4 to 8. No muscles terminate near the ventral terminal lobe on article 5.
Second Antenna (Fig. 3A , B, E, F): A flexor muscle originating in the protopod terminates at the ventral end of the suture between the protopod and exopod. A second muscle originating in the protopod terminates at the suture between the protopod and endopod. Exopod (Fig. 3B) : a flexor muscle with its proximal end at the suture between the protopod and first exopod article terminates in a tendon reaching the suture between the proximal and distal parts of article 1, near the ventral end. An extensor muscle with its proximal end at the suture between the protopod and first exopod article terminates in a tendon terminating at the suture between articles 1 and 2, near the dorsal end. Two muscles with their proximal ends distal to midlength of the dorsal margin of the proximal part of article 1 extends past article 2. Muscles within articles 2 to 9 are superimposed and difficult to trace. Both extensor and flexor muscles penetrate articles 8 and 9. Endopod (Fig. 3E, F) : a flexor muscle with its proximal end at the proximal suture of article 1 (near the ventral end) terminates at the proximal ventral corner of article 2. Article 1 is broader in the distal 3/4. An extensor muscle is attached to the proximal dorsal corner of the broad part and terminates at the proximal dorsal corner of article 2. A (?)muscle without cross-striations has its proximal end at the proximal suture of article 1 and terminates at the tip of the limb.
Remarks: The proximal end of the exopod has a hook-like knob that fits into a hook-like structure at the distal tip of the protopod. The up and down motion of the exopod during swimming as well as the withdrawal of the exopod inside the carapace is mainly the result of movement about the hooked pivot. The movement is probably caused by protopod muscles terminating in exopod article 1, but only a flexor muscle was observed on the specimen studied. Most movement within the exopod appears to take place between the proximal and distal sections of article 1, caused by a flexor muscle terminating near the ventral end of the suture between the sections, and an extensor muscle terminating near the dorsal margin of the suture between articles 1 and 2. The endopod and exopod move independently of each other; the exopod may be folded inside the carapace while the endopod remains extended anteriorly.
Mandible (Figs. 4A , B, D; 5): No extrinsic or intrinsic muscles terminate near the distal toothed edge of the endites of either the coxa or basis. A stout muscle on a lateral flap about midheight on the coxa terminates near the proximal edge of the basis about 1/4 length from the dorsal margin (Fig. 5A) . About three additional horizontal muscles, two near dorsal margin, one at about midheight extend from the coxa to the proximal half of the basis (Fig. 5A) . The coxa and basis appear to pivot where they meet at the dorsal margin. A stout horizontal extensor muscle has its proximal end near the proximal edge of the basis and terminates at the proximal dorsal corner of the first endopod article. An extremely stout flexor muscle has its proximal end distally at the proximal edge of the basis and terminates at the proximal ventral corner of the first endopod article. An additional muscle at the dorsal 1/3 of the basis terminates on the first exopod article at about midlength.
Endopod: A flexor muscle has its proximal end at the proximal dorsal corner of the first article and terminates near the dorsal edge of the suture between article 2 and 3. A second remotor muscle has its proximal end on the distal dorsal margin of the first article and terminate at the proximal ventral corner of the third endopod article.
Remarks: In the living position, the endite of the basis is partly lateral to the coxa endite. Possibly, the stout round muscle (shown curved in Fig. 5A ) between the coxa and basis exerts some control of lateral movements of the endites. The flexor and extensor muscles extending from the basis to the proximal end of the endopod control the lowering and raising of the endopod. The flexor muscle terminating near the dorsal edge of the proximal end of the third article of the endopod probably acts to bend the whole endopod; whereas, the flexor muscle terminating at the ventral edge of the proximal end of the third article probably mainly bends only the third article. No muscles in the basis of T. rudjakovi seem useful in elucidating whether or not the medial flap is an epipod. No process, with or without bristles, is present on the dorsal margin of the basis of T. rudjakovi, so that in spite of two muscles originating in the coxa and terminating near the dorsal margin of the basis, it is not feasible to interpret them as indicating the presence of an exopod. Maxilla ( Fig. 6A ): An (?)extensor muscle with its proximal end at the dorsal margin of the precoxa terminates at midheight near the proximal edge of the basis. A stout flexor muscle with its proximal end near midheight of the precoxa terminates near the proximal ventral corner of the article 1 of the endopod. Two or three stout muscles with their proximal ends on or near the dorsal margin of the basis terminate at the distal end of the first article of the endopod near midwidth, but tendons may extend into the second article. The intrinsic muscles of T. rudjakovi do not support the presence of an exopod.
Fifth Limb (Fig. 6B ): A stout flexor muscle extends from the dorsal margin of the precoxa to the proximal ventral corner of the basis. A muscle extends from a point between the coxa endites to the ventral margin of the basis at midlength. Two or three (?)flexor muscles extend from the coxa to the proximal ventral edge of the second endopod article. Two muscles extend from the dorsal part of the epipod to near the base of the long exopod bristle.
Sixth Limb (Fig. 7A, B) : A muscle extends from the ventral part of the distal edge of the coxa to the proximal ventral corner of article 2 of the endopod. Two (?)flexor muscles extend from the basis to the ventral edge of article 3 of the endopod. Two muscles extend from the epipod to the base of the exopod article.
Seventh Limb (Fig. 7C, D) : One intrinsic muscle extends from the base of the limb to a point on the ventral edge just proximal to the limb tip.
Furca (Fig. 8A ): The muscles inside each lamella of the furca near the anterior edge appear to be extrinsic remotor muscles. SWIMMING According to Skogsberg (1920: 119) in a discussion of swimming of T. echinata, ''The first antenna and exopodite of the second antenna co-operate in swimming; they all carry out downward and backward natatory strokes; in this the backward component is presumably the predominant one,'' and in this genus ''the body is pressed forward and upward in swimming; in order to bring about a progressive motion in a straight line it is thus necessary for other regulating factors to co-operate.' ' Skogsberg (1920: 118) did not agree with Steuer (1910: 208) that the long anterior processes acted as buoyancy organs. Skogsberg (1920: 119) stated for cypridinids and halocyprids (except for the genus Thaumatocypris), ''the first antenna and endopod of the second antenna do not take part in swimming.'', and unlike Thaumatocypris, ''the exopodite of this limb [second antenna] does not strike downward and backwards in swimming, but outwards and backwards and somewhat downward.'' Also Skogsberg (1920: 119) stated, ''Alteration in the direction of motion is produced chiefly by increase and decrease of the force of the stroke in the exopodite of one side or the other and by twisting of the joint between the prodopodite and the exopodite.' ' Skogsberg (1920: 121) believed that the anterior processes of the carapace, ''make a passive resistance against a backward rotating movement.'' Skogsberg's analysis of swimming was not based on observations of living animals. Kornicker and Sohn (1976b: 21) stated that because the benthic thaumatocyprids they described (Thaumatoconcha, Danielopolina), which have first and second antennae similar to those of Thaumatocypris, are without long anterior spines, the spines of T. echinata are probably buoyancy organs as suggested by Steuer (1910: 208) .
The first antenna and the endopod of the second antenna have long bristles, but they are either bare or have small marginal spines. None of the bristles bear natatory hairs, and, therefore, those appendages are unlikely to be effective for swimming.
The excellent discussion by Vannier and Abe (1993: 51) of the functional morphology of the second antenna of Vargula hilgendorfii in swimming probably applies to species of Thaumatocypris, as well as other halocyprids. The bases of the natatory bristles of the exopod of the second antenna of T. rudjakovi are on the medial side of the articles (Fig. 3c) . The bristles are oriented ventrally. For the bristles to be turned laterally in a swimming stroke requires that the exopod be twisted outwardly. A similar rotation was described by Vannier and Abe (1993: 59) for V. hilgendorfii and resulted from a counterclockwise rotation of the first exopod article. For observations of swimming and feeding of living halocyprids and arrangement of appendages within the carapace see Lochhead (1968: 456) and Tseng (1975: 151) .
